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(54)Hrle: METHODS AND APPARATUS EMPLOYING PERMANENT MAGNETS FOR MARKING, LOCATING 
TRACING AND IDENTIFYING HIDDEN OBJECTS SUCH AS BURIED FIBER OPTIC CABLES 

(57) Abstract 

In order to locate, trace, and identify hidden elongated objects 
(12), such as buried fiber optic cables, the objects (12) are provided with 
elongated permanent magnet identifier devices having magnetic fields 
that may be detected at a distance from the objects. In one embodiment, 
the identifier device comprises an elongated strip (10) magnetized in the 
direction of its width and formed into a long-pitch helix, producing a 
characteristic "magnetic field signature" that enhances detection and 
identification of the object, as by a portable gradiometer (14) that is 
moved over the surface of the earth along a line generally parallel to the 
length of the object This embodiment may provide a magnetic field that 
diminishes as the square of the distance from the identifier device (rath- 
er than the usual cube of the distance), thereby enabling detection at 
substantial distances. In a second embodiment distinctive magnetic 
field signatures are produced by arrays of spaced permanent magnets 
(M), the fields of which add and subtract to provide resultant magnetic 
fields with peaks and valleys along a line generally parallel to the length 
of the object. 




FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MG 


Madagascar 


AU 


Australia 


FT 


Finland 


ML 


Mali 


BB 


Barbados 


FR 


France 


MR 


Mauritania 


BE 


Belgium 


GA 


Gabon 


MW 


Malawi 


BF 


Burkina Fasso 


GB 


United Kingdom 


NL 


Netherlands 


BG 


Bulgaria 


HU 


Hungary 


NO 


Norway 


BJ 


Benin 


rr 


Italy 


RD 


Romania 


BR 


Brazil 


JP 


Japan 


SO 


Sudan 


CA 


Canada 


KP 


Democratic People's Republic 


SE 


Sweden 


CF 


Centra) African Republic 




of Korea 


SN 


Senegal 


CG 


Congo 


KR 


Republic of Korea 


SU 


Soviet Union 


CH 


Switzerland 


u 


Liechtenstein 


TO 


Chad 


CM 


Cameroon 


LK 


Sri Lanka 


TG 


Togo 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


US 


United States of America 


DK 


Denmark - 


MC 


Monaco 







WO 90/10879 



PCT/US90/00748 



1 



Title: ess jg srsr^r 



10 



SFECIFTCATTnw 
Reference to Belated, &eBlica£jon 

This application is a continuation-in-part of 
Serial No. 323,860, filed March 15, 1989. 

Backgroun d of tho invention 

_ This invention relates to methods and apparatus in 
which permanent magnets are employed to mark hidden 
objects so that the objects may be located, traced, and 
identified. The invention has particular application 
to buried fiber optic cables and to other buried non- 
conductive objects, such as ducts, conduits, or pipes 
used by utilities. The invention will be described 
for purposes of illustration only, as applied to ducts 
-or fiber optic cables. 
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Many of the fiber optic cables currently being 
Placed in the ground are totally non-conductive. Even 
the strength member is non-metallic. Conductors that 
might be used for tracing a buried cable are omitted to 
prevent lightning from following the conductors and 
damaging the cable. The absence of conductors creates 
problems when it becomes necessary to locate a buried 
cable, because cable tracers require a conductor that 
carries a tracing signal. 

It has previously been proposed to associate 
permanent magnets with a fiber optic cable, as by 
providing the magnets on a tracer tape buried 
separately along with the cable, in order to assist in 
locating and tracing the cable. However, this approach 
has several disadvantages, including the possibility 
that the tracer tape will be installed improperly and 
thus not detected, the limited distance at which the 
tape can be detected, and the inability reliably to 
distinguish the weak magnetic field of the magnets from 
magnetic fields associated with ferrous pi pes , for " 
example, that may be buried in the same area. 
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Brief Description of the Tnvon+Hor, 

The present invention provides new methods and 
apparatus for marking, locating, tracing, and 
identifying hidden objects, such as buried, non- 
conductive cables (e.g., fiber optic cables) and non- 
conductive pipes, tubes, ducts and conduits. 

In accordance with one of the broader aspects of 
the invention, an elongated permanent magnet device is 
provided on an elongated hidden object to be detected, 
with the length of the device extending along the 
length of the object. The device has a magnetic axis 
transverse to the length of the object and has a 
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magnetic field that varies in a predetermined manner 
along the length of the object. The hidden object is 
detected by detecting the magnetic field, the strength 
of which may, diminish substantially as the square of 
the distance from the device along a direction 
transverse to the length of the object. The elongated 
permanent magnet device may comprise a strip having a 
width dimension substantially greater than its 
thickness dimension, the strip being magnetized in the 
direction of its width. The strip may be formed into a 
helix, with such a device, the orientation of the 
magnetic axis varies at different positions along the 
length of the object to provide a magnetic field 
signature for identifying the object. 

In accordance with another of the broader aspects 
of the invention, a hidden -elongated object may be 
located, traced, and identified by providing on the 
object an elongated permanent magnet device having its 
length extending along the length of the object, the 
device producing a magnetic field having a predeter- 
mined magnetic field signature including a series of 
peaks and valleys at points along a line substantially 
parallel to the length of the object; and moving a 
magnetic field detector along the line and producing an 
output from the detector corresponding to the peaks and 
valleys. The permanent magnet device may comprise a 
series of permanent magnets extending along the length 
of the object, the magnets being constructed and 
disposed so that magnetic fields of successive magnets 
add or subtract to produce the magnetic field signa- 
ture. By employing arrays of magnets with different 
polarity permutations, different magnetic field 
signatures may be provided for the identification of 
'corresponding objects. By employing successive magnets 
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having magnetic fields that are additive, the magnitude 
of peaks and/or valleys of the magnetic field signature 
can be made substantially greater than would be 
produced by individual magnets, thereby improving 
detectability of the object. 

Brief De scription of the Drawings 

The invention will be further described in 
conjunction with the accompanying drawings, which 
illustrate preferred (best mode) embodiments of the 
invention, and wherein: 

Fig. 1 is a diagrammatic perspective view 
illustrating an underlying principle of a first 
embodiment of the invention; 

Fig. 2 is a diagrammatic perspective view 
illustrating one .application of the invention, namely 
locating and tracing a fiber optic cable; 

Figs. 3A and 3B are fragmentary diagrammatic 
perspective views illustrating structural variations of 
the first embodiment, while Figs. 3C and 3D are 
corresponding end views, respectively; 

Fig. 4 is a diagram illustrating a magnetic field 
signature produced in accordance with the first 
embodiment of the invention; 

Figs. 5-9 are fragmentary diagrammatic perspective 
views illustrating further structural variations of the 
first embodiment; 

Fig. 10 is a diagrammatic elevational view 
illustrating the magnetic field of a bar magnet; 

Fig. 11 is a diagram illustrating the vertical 
component of the magnetic field of the bar magnet of 
Fig. io at positions along a line parallel to the 
magnetic axis of the bar magnet; 
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Pig. 12 is a diagram similar to Fig. n, but 
illustrating the vertical component of the magnetic 
field resulting from two spaced bar magnets of opposite 
polarity with their axes collinear; 
• 5 Figs. 13-17 are diagrams similar to Fig. 12 for 

arrays of bar magnets with different polarity 
permutations ; 

Figs. 18-22 are diagrams similar to Figs. 13-17, 
but in which the horizontal field component is shown! 
10 and 

Figs. 23-25 are fragmentary diagrammatic 
perspective views illustrating structural variations of 
the second embodiment. 

Detailed Description of Pref erred Embodiments 
15 Before the invention is described in detail, 

certain aspects of permanent magnets will be 
considered. 

An ordinary bar magnet has a magnetic field that 
is a maximum near its poles, if the magnet is oriented 

20 with its longitudinal axis (magnetic axis) vertical, 

for example, a magnetic field vector measuring device 
will produce a response if the sensory axis of the 
device is oriented vertically over the magnet. If the 
magnet is then turned 90 \ so that its longitudinal 

25 axis is horizontal, the response will drop 

substantially to zero as the magnetic vector becomes 
perpendicular to the sensory axis of the measuring 
device. If the magnet is turned 90 « again, so that it 
is inverted from its initial position, the measuring 

30 device will produce a response of opposite polarity 

from the initial response. Turning the magnet further 
by 90* produces a zero response again. Finally, 
turning the magnet 90* again places the magnet in its 
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initial position and produces the initial response of 
/cue measuring device. 

It is known that for a given pole strength, the 
longer the magnet, the stronger the field that will be 
detected by the measuring device, and as noted earlier, 
it is known that the maximum field lies off of the end 
of the magnet. However, except as explained 
hereinafter, the detected magnetic field strength of a 
bar magnet is a function of the inverse cube of the 
distance from the magnet, that is, it diminishes with 
the cube of the distance from the magnet, so that 
doubling the distance causes an eight-fold loss of 
f ield. see Ferrom^ etis m by Bozorth, Van Nostrand 
company, chapter 19, p. 838. Therefore, even if the 
sensory axis of the measuring device is aligned with 
the length of the; magnet, and even if the length of the 
magnet is made as long as possible within practical 
constraints, the distance at which the magnet can be 
reliably detected by a practical magnetic field 

•o measuring device is quite limited. 

In accordance with one aspect of a first 
embodiment of the present invention, a hidden object to 
be detected has associated therewith a permanent magnet 
identifier device having a magnetic field that 

•5 diminishes as the square of the distance from the 

device, rather than as the cube of the distance, as is 

iZt'r'Y* 56, t ° maximize detecti ° n ^e 

identifier device may be constructed and disposed so as 
to provide a substantial vertical component of magnetic 
field for detection by a magnetic field detector that 
produces a strong response to that component. The 
identifier device is preferably an elongated strip that 
is magnetized in the direction of its width 
(perpendicular to its thickness) to provide a magnetic 
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axis in the direction of the width. By virtue of thl, 

s u y llc fields of an infinite series of 

field and the distance from the stiH« 

w„ • strip is then governed 

by an inverse square law so ^ . s 

distant o * aW/ SO that doubling of the 

distance causes a four-times loss of fieir. 

an eight-times loss as in the case J » ^ 
10 magnet . the case «* • discrete bar 

There are a few instances in the prior art in 
which the relationship between the magnetic field of a 
Permanent magnet and the distance from the magnet L 
governed by an inverse square law. For example if the 
.agnatic field is measured in the vicinity of one po e 
ot a very long bar magnet at a position so far from tl 

it: po : e that the ^om the opposLr 

pole is negligible, then an inverse square law applies. 
However, such instances have little relevance to the 
use of permanent magnets in locating, tracing, and 
identifymg buried elongated objects such as ducts or 
Pipes that extend generally horizontally. Prior art 
techniques for magnetically marking such objects so 
that they may be located and traced have not been able 
to provide the advantages of the present invention, 
including, in the first embodiment, a relationship 
between the magnetic field and the distance from a 
permanent, magnet identifier device that is governed by 
an inverse square law. 7 

vertic!^ " IT C3?eS 4t ^ ^ P ° SSible to » ainta ^ 
vertical orientation of the magnetic axis of the 

identifier device cf the invention, in many cases this 
if a °\ POSS ^ le " a P-^ical matter. For example, 
if a straight strip magnetic width-wise . is attached 
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to a duct so that it extends lengthwise along the 
length of the duct at one side thereof, it is difficult 
to ensure that the width of the strip will be vertical 
when the duct is buried. However, as will be explained 
5 hereinafter, if there is a sufficient length of the 

strip that remains essentially vertical, detection of 
the strip will follow the inverse square law, as 
desired. 

In accordance with an . important aspect of the 
10 first embodiment of the invention, it is not necessary 

to maintain a vertical orientation of the width of the 
strip throughout its length. To the contrary, the 
strip is preferably formed into an elongated helix 
having a longitudinal pitch (axial length of each turn) * 
15 that is substantially greater than the cross dimensions 

of the helix,, so that the width of the " strip along a 
substantial portion of the length of each turn of the 
helix will be oriented essentially vertically. The 
helical configuration has an important additional 
20 advantage in that a distinctive "magnetic field 

signature" is produced that will be detected by a 
magnetic field detector to confirm the identification 
of the magnetic strip. In practice, a pitch of about 
twelve feet has been found quite satisfactory where the 
25 inverse square law effect is desired. 

Referring now to the drawings, Fig. 1 illustrates 
a portion of a magnetic strip 10 with its length L 
extending horizontally and its width W extending 
vertically. The width dimension of the strip is much 
3 0 greater than the thickness T of the strip, and the 

strip is permanently magnetized along its width W, so 
as to provide a magnetic axis' in the direction of the 
width and so as to maximize the vertical magnetic field 
component detected at a measurement point at a distance 
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"r" from the longitudinal center line of the strip. 



In 



Fig. 1 the measurement point is shown in' the plane of 
maximum field. As is apparent, the magnetic field seen 
at the measurement point is, in effect, the sum of the 
magnetic fields of an infinitely long series of 
permanent magnets with their magnetic axes oriented 
vertically (in the direction of the width W of strip 

10) . * 

The strip, may be a magnetic tape 1/2 wide and l/is 
. m. thick, for example, and may be formed of a mixture 
of rubber or plastic and a ferrite such as barium 
ferrite, for example. Such strips, comprising 80% by 
weight or 65% by volume of magnetic powder (such as 
barium ferrite and perhaps some strontium) and the 
balance rubber, are used in the magnetic gaskets of 
refrigerator doors, but, in general, they are not 
magnetized in the direction of the width of the strip 
as shown in Fig. l. 

As shown in Fig. 2, the strip 10 of Fig. l is 
supported on an elongated, non-conductive object 12, 
such as a fiber optic cable, tube, pipe, or duct, for 
example. In the form illustrated, the strip is wound 
about the object 12 to form a long-pitch helix (12-foot 
pitch, for example) so. that the axis of the helix 
extends along the length of the object 12. The strip 
may be wound about a fiber optic cable, for example, or 
about a conduit or duct in which the cable is con- 
tained. The strip may be adhered to the object by tape 
or adhesive, for example. 

Instead of providing a separate strip that is 
attached to an object, a magnetic strip may be painted 
on or coated on the object, or may be extruded into or 
molded into the outer surface of the object (or the 
inner surface if the object is hollow) . if the object 
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is formed of plastic, a ferrite may be mixed directly 
into a plastic resin or binder before extrusion or 
molding of an object, if the ferrite is dispersed 
throughout the object, it may still be magnetized so as 
5 to form a helical strip with a magnetic axis in the 

direction of its width. The term "strip" is therefore 
intended to include what might be termed a "stripe." 
Figs. 3A and 3C illustrate a structural variation 
including such a stripe 10 • that is integral with an 
elongated object 12'. Figs. 3B and 3D illustrate a 
further variation including a pair, of such stripes, 
10' 10««' integral with an elongated object 12". In 
this variation the orientation of the magnetic axis N-S 
"rotates" in successive transverse planes along the 
length of the object, simulating a. diametral strip that 
is twisted about its longitudinal axis. This variation 
is also illustrative of the fact that the identifier 
device may include more than one strip or stripe. In 
all variations of the first embodiment the magnetic 
axis of the identifier device is transverse to the 
length of the object. • 

To detect a buried object associated with a 
magnetic identifier device in accordance with the 
invention, a magnetic field measuring device or 
25 gradioroeter 14 may be employed as shown in Fig. 2. All 

such devices are embraced within the term "magnetic 
field detector" as used herein. The model GA-52B 
magnetic locator of the assignee of the invention, 
having a detection threshold of about 10 gammas, has 
30 been employed quite successfully for this purpose. 

Maximum detection distance is about 6 feet for the 
strip of Fig. 2 (12-foot pitch). The maximum detection 
distance varies with the pitch of the helix, so that a 
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pitch of 20 or 30 feet (or more) may be used to permit 
detection at greater distances when appropriate. 

A unique magnetic field signature produced in 
accordance with the first embodiment of the invention 
5 is shown in Fig. 4 and comprises a series of positive 

and negative excursions (peaks and valleys). The 
magnetic field signature shown is a response curve of a 
vertical gradiometer, in which the ordinate represents 
the gradient field in gammas and the abscissa 

10 represents the distance in feet as the gradiometer is 

moved over the ground along the length of a plastic 
pipe buried thirty inches and provided with a permanent 
magnet identifier device as shown in Fig. 2. This 
signature is produced by the helical winding of the 

15 strip (which causes the orientation of the magnetic 

field to vary)., and is quite useful in confirming the 
identification of the buried object and in 
distinguishing the object from other objects, such as 
ferrous gas and water pipes, that produce random 

20 positive and negative excursions. Initial detection of 

an identifier device in accordance with the invention 
may be accomplished by a. "sweep" of the area where the 
identifier device ought to be located, using the 
magnetic detector 14 in a conventional manner. When a 

25 response is noted at different points indicating the 

general direction of an identifier device, confirmation 
of the identification is achieved by moving the 
magnetic detector along the length of the identifier 
device and noting the magnetic field signature. 

30 By virtue of the invention, non-conductive buried 

objects, such as fiber optic cables, are located, 
traced, and identified at substantial distances, easily 
and reliably. The invention is economical to implement 
and is therefore -practical . Since the magnetic strip 
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employed in the invention is non-conductive', lightning 
is no longer a problem. The strip is inert and stable 
and should last indefinitely in the ground. If the 
strip is cut, as by earth digging equipment, 
detectability of the strip is essentially unaffected, 
and the object associated with the strip can still be 
located. if the strip is integrated into or attached 
to the object during manufacture of the object, 
incorrect installation is no longer a problem. Also, 
use of the magnetic strip of the invention does not 
preclude the use of other locating means as well. The 
strip will not interfere with electronic markers, for 
example, or with a conventional wire or conductive tape 
placed above a cable in a trench. 

Figs. 5-9 illustrate other structural variations 
of the first embodiment of the invention. In Fig. 5 an 
elongated hollow "object 12 is provided with a plurality 
of straight magnetic strips 16 with their length 
parallel to the length of the object. The strips are 
spaced circumferentially of the object and may be 
provided on the outer surface or the inner surface of 
the object or within the material of the object. Each 
strip is magnetized to provide a magnetic axis in the 
direction of its width (transverse to the length of the 
object) at spaced locations along the length of the 
object. The pattern of magnetization is progressive, 
so that the orientation of the magnetic axis of the 
elongated magnetic identifier device constituted by the 
strips "rotates" from position to position along the 
length of the object. In the structure shown in Fig. 6 
the strips, which in Fig. 5 extend along the entire 
length of the object, have been shortened to provide 
individual magnetized segments 17. 



WO 90/10879 



13 



PCT/US90/00748 



10 



In Fig. 7 tubes 18 of magnetic material are 
provided at spaced locations along the length of the 
object. The tubes, which together constitute an 
elongated magnetic identifier device, are magnetized 
transversely of the length of the object, and the 
orientation of the magnetic axis shifts from tube to 
tube successively along the length of the object so as 
to "rotate." 

In Fig. 8 the tubes of Fig. 7 are replaced by 
short-pitch helical strips 20 magnetized like the tubes 
of Fig. 7. Together, the strips constitute an 
elongated magnetic identifier device. If the turns of 
the strips are close enough, essentially continuous 
tubes of the type shown in Fig. 7 are defined. 
15 In Fi 9- 9 a helical strip 22 similar to that of 

Fig. 3A is employed, but the helical strip has a short 
retrace 24 at successive positions along the length of 
the object (only one retrace being illustrated) . 
In the first embodiment of the invention a 
20 magnetic field signature comprising successive peaks 

and valleys of the vertical magnetic field component 
(or the horizontal field component) is obtained by 
virtue of the fact that the orientation of the magnetic 
axis of the identifier device, which is transverse to 
25 the length of the object, varies along the length of 

the object. In a second embodiment Of the invention, 
which will now be described, a magnetic field signature 
comprising peaks and valleys is obtained in another 
manner, although without the advantage of the inverse 
square law effect that, may be obtained in the first 
embodiment. The second embodiment is especially 
useful, for example, where the distance between the 
hidden object and the magnetic field detector is not so 
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great as to benefit significantly from the inverse 
square law effect. 

Fig. 10 illustrates the magnetic field of a bar 
magnet A in a vertical plane containing the magnetic 
5 (longitudinal) axis of the bar magnet. Fig. 11 

illustrates the vertical component of the magnetic 
field along a line 1 shown in Fig. 10 at a distance d 
from the magnet A. Fig. 12 illustrates the resultant 
vertical magnetic field component along line 1, of two 

!0 magnets A and B having their magnetic axes collinear 

and disposed to provide opposing polarities. The 
center-tb-center spacing of the magnets may be 
approximately five feet, for example, and the line 1 
may be about six feet above the axis of the magnets. . 

15 Ideally, the magnets should be spaced apart a distance 

approximately equal to the depth at which an object i's 
to be buried, but spacings of the order of 1 to 2 times 
the depth will be useful in. most applications. 
It will be observed from Fig. 12 that the 

20 resultant vertical magnetic field component at a point 

along the line 1 midway between the magnets is 
substantially greater than the magnetic field component 
of the individual magnets. In other words, the 
vertical magnetic field components of the magnets are 

25 additive. The amplitude of the valleys (negative 

excursions) of the resultant vertical magnetic field 
component beyond the respective magnets is less than 
the vertical component of the individual magnets at the 
same locations along the line 1. In other words, the 

30 vertical field components are subtract ive. The bar 

magnets are spaced so that their magnetic fields are 
additive or subtractive to produce a resultant field 
with peaks and valleys along line 1 substantially 
■parallel to the axes of the magnets. This principle is 
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used to provide unique magnetic field signatures that 
may be employed to identify a variety of hidden 
elongated objects. 

Figs. 13-17 are diagrams illustrating different 
5 vertical component magnetic field signatures obtained 

by arrays of spaced bar magnets M in which the magnetic 
axes are collinear but the polarities of the magnets 
vary. Figs. 18-22 are similar diagrams illustrating 
the horizontal field component. It is apparent from 
10 Figs. 13-22 that a magnetic field detector moved along 

the line 1 parallel to the magnetic axes of the magnets 
will produce an output corresponding to the major peaks 
and valleys of the magnetic field signatures if the 
detector is constructed and disposed appropriately to 
detect the vertical or horizontal field component. 
Therefore, if different arrays of magnets are provided 
lengthwise on elongated objects to be identified, the 
magnetic field signatures will provide the desired 
identification. 

20 Fi 9 s - 23-25 illustrate typical permanent magnetic 

identifier devices that may be employed in the second 
embodiment. As in the first embodiment, magnetic 
material may be attached to an outer surface of an 
elongated object, or to an inner surface of a hollow 

25 elongated object, or may be integrated into the 

material of the object itself. In Fig. 23 the magnetic 
material is in the form of spaced tubes 2 6 constituting 
an elongated magnetic identifier device. The tubes are 
magnetized longitudinally to provide longitudinal 

30 magnetic axes. In Fig. 24 the magnetic material is in 

the form of strips or stripes 28 magnetized 
longitudinally and defining circumferentially 
interrupted tubes (like the tubes of Fig. 23 but with 
gaps in the magnetic material) . 
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In Fig. 25 each "bar magnet" (all of which 
constitute an elongated magnetic identifier device) is 
composed of a helical strip 30 similar to the strip of 
Fig. 8 but magnetized along the length of the object to 
5 provide a longitudinal magnetic axis. Only one of the 

bar magnets is shown in Fig. 25. 

In the second embodiment of the invention, 
addition of magnetic fields of adjacent opposite 
polarity magnets to produce peaks and/or valleys of 

10 substantially greater magnitude than that of individual 

magnets is especially advantageous. It permits 
reliable detection of identifier devices of the" 
invention while reducing the amount of magnetic 
material that is required to produce a detectable 

15 magnetic, field signature. This aspect of the- invention 

has special" utility where the diameter of the hidden 
object is small and the magnetic material is carried by 
the object itself, which may be a fiber optic cable, 
for example. A section of fiber optic "drop" cable 

20 extending from a distributor cable to a household may 

be buried only about a foot deep, for example, and may 
be detected by virtue of identifier devices of the 
invention even if the length of the drop cable is quite 
short. 

25 While preferred embodiments of the invention have 

been shown and described, it will be apparent to those 
skilled in the art that changes can be made in these 
embodiments without departing from the principles and 
spirit of the invention, the scope of which is defined 

30 in the appended claims. For example, although a 

standard vertical gradiometer may be employed as a 
magnetic field detector in accordance with the 
invention, a specialized magnetic field detector may 
also be employed. Such a . detector may be designed to 
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discriminate against signals other than the signal from 
the magnetic strip. Thus, AC signals may be filtered 
out. The magnetic field detector may have a readout 
display in which peaks and valleys of the. magnetic 
.5 field signature produce opposite polarity indications, 

such as left and right excursions of the needle of a 
meter from a center neutral position. The detector may 
be designed to respond to horizontal components of the 
magnetic field as well as to vertical components. if 
10 vector addition is performed on the vertical and 

horizontal signal components, then a vector sum may be 
displayed on a 3 60* compass-type display which rotates 
as the operator walks along the cable. The detection 
scheme may give a cable or conduit manufacturer, for 
example, the option of coding his product with a right 
hand or left hand helix. The scalar sum of the- 
vertical and horizontal signal components may be 
indicated by an audio output which exhibits a maximum 
directly over a buried cable regardless of whether the 
operator is over a location on the cable where the 
, magnetization is vertical or horizontal. It is evident 
that visual or audible displays, or a combination of 
both, may be used in accordance with the invention. 
Finally, the invention is not limited to use with 
25 elongated objects that are buried under the ground; it 

may be employed to detect elongated objects that are 
otherwise hidden, such as sub-sea objects. 
The invention claimed is: 
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1 1. A method of detecting an elongated hidden 

2 object, comprising providing on said object an 

3 elongated permanent magnet device with its length 

4 extending along the length of the object and with a 

5 magnetic axis transverse to the length of said object, 

6 said device having a magnetic field the strength of 

7 which diminishes substantially as the square of the 

8 distance from the device along a direction transverse 

9 to the length of the object; and detecting said 
10 magnetic field. 

1 2 . A method in accordance with Claim 1, wherein 

2 said device produces a characteristic magnetic field 

3 signature and wherein the detecting of said magnetic 

4 field detects said signature. 

1 ' 3. A method in accordance with Claim 2, wherein 

2 said device is formed as a helix having a longitudinal 

3 axis extending along the length of said object. 



4. A method in accordance with Claim 3, wherein 
said device is formed so that the longitudinal pitch of 
said helix is substantially greater than the cross 
dimensions of said helix. 

5. A method in accordance with Claim 4, wherein 
said device is formed so that said pitch is of the 
order of twelve feet. 



1 6. A method in accordance with Claim 1, wherein 

2 said device is formed so that it has a width dimension 

3 substantially greater than its thickness dimension and 

4 is magnetized in the direction of its width. 



1 
2 
3 
4 
1 
2 
3 
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1 7. A method in accordance with Claim 6, wherein 

2 said device is formed of a strip of substantially non- 

3 conductive material . 

1 8, A method in accordance with Claim 1, wherein 

2 said device is attached to a surface of said object. 

1 9. A method in accordance with Claim 1, wherein 

2 said device is incorporated in said object. 

1 10. A method in accordance with Claim 1, wherein 

2 said object is buried beneath the surface of the earth 

3 and said detecting comprises moving a magnetic field 
detector over the surface of the earth in the vicinity 

5 of the object. 



4 



1 11. A method in accordance with Claim 10, wherein 

2 said detecting comprises moving said detector along a 

3 line substantially parallel to the length of said 

4 object. 

1 12 . A method in accordance with Claim 1 , wherein 

2 said detecting comprises sensing at least one component 

3 of said magnetic field. 

1 13. A method in accordance with Claim 12, wherein 

2 said detecting comprises indicating variations in said 

3 component. 

1 14. A method of detecting a hidden elongated 

2 object, comprising providing on said object an 

3 elongated permanent magnet device having its length 

4 extending along the length of said object and having a 

5 magnetic axis transverse to the length of said object, 
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6 said device having a magnetic field that varies in a 

7 predetermined manner along the length of said object; 

8 and detecting said magnetic field. 

1 15. A method in accordance with Claim 14, wherein 

2 said device is formed as a helix having a longitudinal 

3 axis extending along the length of said object, and 

4 wherein said device is formed so that the longitudinal 

5 pitch of said helix 'is substantially greater than the 

6 cross dimensions of said helix. 

1 16. A method in accordance with Claim 14, wherein 

2 said device is formed so that it has a width dimension 

3 substantially greater than its thickness dimension and 

4 is magnetized in the direction of its width. 

1 17. A method in accordance with Claim 14, wherein 

2 said device is formed as a strip of substantially non- 

3 conductive material. 

1 18. A method in accordance with Claim 14, wherein 

2 said object is buried beneath the surface of the earth 

3 and said detecting comprises moving a magnetic field 

4 detector over the surface of the earth in the vicinity 

5 of the object. 

1 19. A tracing device for an elongated object, 

2 comprising an elongated strip having a width dimension 

3 substantially greater than its thickness dimension, 

4 said strip being magnetized in the direction of its 

5 width and being formed into a helix. 

1 20. A device in accordance with Claim 19, wherein 

2 said strip is substantially ncmconductive. 
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1 21. A device in accordance with Claim 19, wherein 

2 said helix has a longitudinal axis extending along the 

3 length of said object, 

1 22 . A device in accordance with Claim 21 wherein 

2 said helix has a longitudinal pitch that is 

3 substantially greater than the cross dimensions of said 

4 helix. 

1 . 23. A device in accordance with Claim 22, wherein 

2 said pitch is of the order of twelve feet. 

1 24. A device in accordance with Claim 19 , wherein 

2 said strip is attached to a surface of said object. 

1 25. A device in accordance with Claim 19, wherein 

2 said strip is incorporated into said object. 

1 26. In combination with an elongated non-magnetic 

2 object to be detected, an elongated strip on said 

3 object, said strip having a width dimension 

4 substantially greater than its thickness dimension and 

5 being magnetized in the direction of its width, said 

6 strip being formed into a helix and having a magnetic 

7 field that varies in a predetermined manner along the 

8 length of said object. 

1 27. A combination in accordance with Claim 26, 

1 wherein said helix has a longitudinal pitch that is . 

2 substantially greater than the cross dimensions of said 

3 helix. 

1 28. A combination in accordance with Claim 26, 

2 wherein said pitch is of the order of twelve feet. 
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1 29. A combination in accordance with Claim 26, 

2 wherein said strip is substantially non-conductive. 

1 30 • A method of detecting a hidden elongated 

2 object, comprising providing on said object an 

3 elongated permanent magnet device having its length 

4 extending along the length of said object and having a 

5 magnetic axis that is transverse to the length of said 

6 object and that varies in orientation at different 

7 positions along the length of said object to provide a 

8 magnetic field that varies in a predetermined manner 

9 along the length of said object; and detecting said 
10 magnetic field. 

.1 31. A method in accordance with Claim 30, wherein 

2 said object is buried beneath the surface of the earth 

3 and said detecting comprises moving a magnetic field 

4 ; detector over the surface of the earth along a line 
substantially parallel to the length of said object. 



5 



1 . 32. In combination with an elongated non-magnetic 

2 object to be detected, an elongated permanent magnet 
device on said object having its length extending along 

4 the length of said object, said device having a 

5 magnetic axis that is transverse to the length of said 

6 object and that has different orientations at positions 

7 along the length of said object. 



3 



1 

2 
3 



33. A combination in accordance with Claim 32, 
wherein said device is helical and has a helix axis 
along the length of said object. 
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34. A combination in accordance with Claim 32, 
wherein said device comprises a plurality of spaced 



3 strips . 

1 3 5. A combination in accordance with Claim 32, 

2 wherein said device comprises a plurality of spaced 
tubes . 

1 36. A combination in accordance with Claim 32, 

2 wherein said device comprises a plurality of strips 

3 extending along the length of said object at 
circumferentially spaced positions on said object. 



1 37. A combination in accordance with Claim 36, 

2 wherein said positions are also spaced longitudinally 

3 of said object. 

1 38. A combination in accordance with Claim 32, 

2 wherein said device comprises a plurality of tubes 

3 spaced along the length of said object and having 

4 collinear axes parallel to the length of said object, 

5 each tube having a magnetic axis transverse to the 

6 length of said object, and the magnetic axes of 

7 successive tubes having different orientations. 

1 39. A combination in accordance with Claim 38, 

2 wherein each tube is defined by a helical strip. 

1 40. A method of locating, tracing, and 

2 identifying a hidden elongated object, comprising 

3 providing on said object a series of permanent magnets, 

4 said series extending along the length of said object, 

5 said permanent magnets being constructed and disposed 

6 '-so that magnetic fields of successive magnets add or 
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7 subtract, producing a resultant magnetic field having a 

8 predetermined magnetic field signature including a 

9 series of peaks and valleys at points along a line 

10 substantially parallel to the length of said object; 

11 ; and locating, tracing/ and identifying said object by 

12 moving a magnetic field detector along said line and 

13 producing an output from said detector corresponding to 

14 said peaks and valleys. 

1 41. A method in accordance with Claim 40, wherein 

2 said magnets are . constructed and disposed so that 

3 magnetic fields' of successive magnets are additive to 

4 produce peaks and/ or valleys at points along said line 

5 of greater magnitude than would be produced by 

6 individual magnets. 

1 42. A method in accordance with Claim 40, wherein 

2 the output produced from said detector is of the type 

3 having opposite polarity indications corresponding to 

4 said peaks and valleys, respectively. 

1 43. In combination with an elongated non-magnetic 

2 object to be detected, a series of spaced permanent 

3 magnets supported ori said object and extending along 

4 the length of said object, said magnets having magnetic 

5 axes parallel to the length of said object and being 

6 constructed and disposed so that magnetic fields of 

7 successive magnets add or subtract, producing a 

8 resultant magnetic field having a predetermined 

9 magnetic field signature including a series of peaks 

10 and valleys at points along a line substantially 

11 parallel to the length of said object. 



3 
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1 44. A combination in accordance with Claim 43, 

2 wherein some of successive magnets of said series have 

3 the same polarity and others of successive magnets of 

4 said series have opposite polarities. 

1 45. A combination in accordance with Claim 43, 

2 wherein successive magnets are constructed and disposed 
so that magnetic fields thereof are additive to produce 

4 peaks and/or valleys along said line of greater 

5 magnitude than would be produced by individual magnets. 

1 46. A method of locating, tracing, and 

2 identifying a plurality of hidden elongated objects, 

3 comprising providing on each of said objects a 

4 corresponding series of permanent magnets extending 

5 along the length of -the object, the permanent magnets 

6 of each series being constructed and disposed so that 

7 magnetic fields of successive magnets add or subtract, 

8 producing a resultant magnetic field having a 

9 predetermined magnetic field signature including a 
series of peaks and valleys at points along a line 

11 substantially parallel to the length of the object, 

12 each series of permanent magnets differing from each of 

13 the other series so that the magnetic field signature 

14 °f each series differs from the magnetic field 

15 signature of each of the other series; and moving a 

16 magnetic field detector along said line and producing 

17 an output from said detector corresponding to said 

18 peaks and valleys. 

1 47. A method of locating, tracing, and identify- 

2 ing a hidden elongated object, comprising providing on 

3 said object an elongated permanent magnet device having 

4 its length extending along the length of said object, 
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5 said device producing a magnetic field having a 

6 predetermined magnetic field signature including a 

7 series of peaks and valleys at points along a line 

8 substantially parallel to the length of the object, and 

9 moving a magnetic field detector along said line and 

10 producing an output from said detector corresponding to 

11 said peaks and valleys. 

1 48. A method in accordance with Claim 47, wherein 

2 the output produced from said detector is of the type 

3 having opposite polarity indications corresponding to 

4 said peaks and valleys, respectively. 
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FIG. 5 
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FIG. 10 
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